Stage, which is still difficult for researchers is extraction of the lipids, especially the cell disruption stage prior to the extraction process. Strength of cell walls of microalgae makes lipids difficult to access. The aim of the experiment was to determine the influence of microwave electromagnetic radiation on the efficiency of lipid extraction from Botryococcus braunii microalgae by Bligh & Dyer method. he use of microwave heating to disintegrate the biomass of microalgae allowed to increase the yield of lipids from 18% in Stage I to 38% in Stage II in incubation time of 15 min in 45 °C.
Introduction
The introduction should briefly place the study in a broad context and define the purpose of the work and its significance.
For papers that report original research, you should use the titles "Materials and Methods", "Results", "Discussion" and "Conclusions" (optional). Oil microalgae has been recognised as the most promising source of renewable oils used in the production of liquid biofuel. Although microalgae offers great potential, it has not been used sufficiently since biodiesel production based on microalgae poses technological problems. Some microalgae species can produce ten times more oil than the typical oil crops [1] . Botryococcus braunii is characterised by an apparent ability to synthesise and accumulate a wide variety of reserve substances with the most promising composition for biofuel production. The accumulation of such an amount of carbohydrates can be achieved by storing lipids in an extracellular space as opposed to the cytoplasm, as is the case in other oil microalgae [2] . However, the analysis of the fatty acid composition showed that carrying out an algae culture at above 30 °C considerably reduces the content of unsaturated fatty acids contained in them, which is essential in biofuel production. The physiological properties of the majority of microalgae species with such a small cell size (3-20 μm) and their low concentration in a culture, result in energy consuming harvesting, separation and drying processes [3] . In order to minimise energy used to dewater algae, much effort has been concentrated on developing biodiesel production technology from wet algae, because drying microalgae after harvest consumes up to 20-30% of the total cost of biodiesel production [3, 4] . Since algal cellular walls exhibit a wide variability in molecular components and intra-and inter molecular bonds, the phase which still poses problems is the lipid extraction phase, including disintegration of the cellular walls before extraction [5, 6] . To this end, mechanical, chemical and enzymatic methods of cell disintegration are utilised. This results mainly from the fact that microwaves can penetrate deeply through cellular wall structures. Fast heating ensures a high internal temperature and the difference in pressure exerted on the cellular walls may accelerate mass transfer without the need for thermal decomposition of lipids. One of the advantages of this method is a more uniform increase in temperature in comparison with the conventional heating methods. For some microalgae, the microwave treatment is considerably more effective than ultrasound or milling beads. Due to its technical simplicity, the other advantages of microwave disintegration include effectiveness, durability and, above all, ease in transferring from the laboratory to the technical scale [7, 8] .
Since the extraction phase currently constitutes more than 50% of the total energy consumption, developing effective methods of pre-treatment of microalgae may significantly reduce energy demand and the costs of microalgal biomass production on a large scale [3, 9] . The aim of the experiment was to determine the influence of microwave electromagnetic radiation on the efficiency of lipid extraction from Botryococcus braunii microalgae by the Bligh & Dyer method. In stage I, the algal biomass after nitric cultivation regime was extracted by the Bligh & Dyer method. In stage II, the biomass of algae after nitric cultivation regime (before the Bligh & Dyer extraction method) was pre-treated by microwave disintegration. The dose of microwaves was changed in subsequent series depending on the desired temperature (30-80 °C) with a constant incubation time of 15 min in each series (Figure 1 ). Lipids were extracted from the microalgae suspension according to modified Bligh and Dyer method. The fatty acid composition of microalgae depended on the species and culture conditions. For selected indicator samples, an analysis of the cell structure was conducted using a scanning electron microscope. The analysis will focus on the cells before and after disintegration. The samples were dehydrated in a graded series of ethanol concentrations. The suspended material was micro-pipetted on a cover glass and then sputter-coated with gold in an argon atmosphere in an ionic coater. The sputter-coated material was placed in an SEM column (JSM-5310LV, JEOL, Tokyo, Japan) and analysed at 15-30 kV. The FAME analysis of the obtained lipids was performed by gas chromatography using a GC-FID Agilent Technology Analyzer gas chromatograph equipped with a flame-ionization detector. A qualitative analysis identified peaks corresponding to different components of the sample. Ingredients that were identified were compared by their retention times and fragmentation patterns according to standards. The results were processed statistically with the Statistica 10.0 PL package.
Materials and Methods
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Results and Discussion
Following a 24-h sedimentation of the multiplied biomass, on day 15 of the experiment, the main part of the experiment was conducted. The concentrated biomass was extracted using the Blight&Dyer method. The volume of the resulting extract was determined with the gravimetric method. Since the key to extraction effectiveness is an adequate method of cellular structure disintegration, it was found that microwave radiation may have a positive effect on lipid release.
The amount of oil obtained from the control sample was 17.82% (Table 1) . In series I, when the incubation temperature was 30 °C, the amount of oil obtained was 28.71%. A temperature increase of 15 °C resulted in an increase in lipid yield of up to 37.62% from a biomass treated with microwaves at the temperature of 45 °C (Table 1) . Another increase in temperature by 15 °C, did not bring the anticipated effect of a higher lipid yield. Series III and IV, when the incubation temperature was 60 °C and 75 °C, respectively, did not reveal statistically significant differences. The lipid yields were comparable and amounted to 22.77% and 24.26% (Table 1 ). The quality of biodiesel is totally influenced by the composition of fatty acids [10] . Unsaturated fatty acids constituted the majority in the fatty acid profile (47% of the defined acids). The fatty acid profile contained mainly palmitic acid (C16:0) and stearic acid (C18:0). Pates et al. suggest that the combined ultrasound and microwave method is a potential technology of lipid extraction from wet biomass. In this way, they obtained a high amount of saturated (10.39 ± 0.15%) and mono-unsaturated fatty acids (76.55 ± 0.19%), which is a characteristic of a high quality biodiesel [10] . On the other hand, Ali and Watson report that the extraction temperature has an effect on lipid productivity and facilitates in separation of higher unsaturated fatty acids [11] . The impact of microwave pre-treatment of algae cell on surface morphology after extraction is presented in Figure 2 . Microwave-treated cells showed deformed structural morphology compared to cells without any treatment where they were practically intact. Microscope analysis of the biomass of the control sample showed that 99.9% are undamaged cells (Figure 2a) . Microwave-treated cells showed punctures in their cell wall which proved the leakage of cell contents from the cells (Figure  2c ). Increasing the disintegration temperature resulted in gradual cell wall destruction but did not increase the oil yield in series III and IV. 
Conclusions
A review of the literature shows that microalgae are a good source of biomass for energy purposes. The use of microwave heating to disintegrate the biomass of microalgae Botryococcus braunii left the cell structures undamaged, which enabled greater amounts of lipids to be achieved. The use of microwave heating to disintegrate the biomass of microalgae increased the yield of lipids from 18% in Stage I to 38% in Stage II in an incubation time of 15 min at 45 °C. Although it is clear that there are benefits to using microwaves to pre-treat microalgae cells prior to lipid extraction, to develop these techniques on a large-scale it is important that more studies are done to optimise the processes. 
